Introduction
There is abundant epidemiologic evidence that self-identified race/ethnicity is associated with differences in cancer incidence and mortality (1, 2) . The high-mortality rate for head and neck squamous cell carcinoma (HNSCC) continues to be driven by the disparate unfavorable diagnosis and prognosis outcomes for African Americans (1-3). African Americans have been shown to have a worse overall survival compared with whites after controlling for age, disease stage, and treatment received (4) . The 5-year relative survival is lower in African Americans than in Caucasian Americans for every stage of diagnosis for nearly every cancer site (5) . There is no consensus on the causes of the differences in the higher incidence of and the mortality from HNSCC for African Americans when compared with Caucasian Americans, but they can include differences in access to care, stage at diagnosis, insurance status, attitudes of health providers, as well as human papilloma virus (HPV) infection status (2, 4, (6) (7) (8) (9) .
In African Americans with oropharyngeal squamous cell cancer (OPSCC), survival disparities were attributed to racial differences in the prevalence of HPV-positive tumors. Settle and colleagues (9) found that a worse survival outcome for African Americans versus Caucasian Americans in OPSCC was attributable to racial differences in the prevalence of HPV-positive tumors. This was also confirmed by Chernock and colleagues (10) with corresponding worse disease free survival in African Americans and a trend toward worse overall survival for African Americans. A major limitation of these studies was the lack of adequate representation of HPV-positive African American patients. For this study, we compared survival outcomes in HPVpositive and HPV-negative African Americans with OPSCC in a retrospective primary OPSCC cohort with 42% African Americans.
Materials and Methods

Patients
The study cohort of 121 patients with primary OPSCC was drawn from a large, clinically well-characterized multiethnic (42% African Americans), primary care patient population in the Detroit area (11) . Patients were identified through tumor registry and ENT clinic records. Eligibility criteria included ages of 21 years or older, a primary HNSCC diagnosis (including OPSCC), and availability of tumor tissue blocks. For patients in this analysis, diagnosis dates ranged from 1990 to 2004, follow up dates from 1999 to 2008, and death dates from 1991 to 2007.
HPV-16 detection by real-time quantitative PCR
Whole 5 micron tissue sections with 70% or more tumor or microdissected tumor lesions were processed for DNA extraction (12) . Tumor HPV DNA was determined using quantitative real-time PCR (qRT-PCR) as previously described (13) . Briefly, primers and probes to a housekeeping gene (b-globin) are run in parallel to standardize the input DNA. By using serial dilutions, standard curves are developed for the HPV viral copy number using CaSki (American Type Culture Collection) cell line genomic DNA, known to have 600 copies/genome equivalent (6.6 pg of DNA/genome). The cut-off value for HPV16-positive status was ! 0.03 (!3 HPV genome copy/100 cells; ref. 13 ).
Statistical analysis
All analyses were done using SAS 9.2. Categorical data are presented as count (percent) and continuous data as mean (SD). Univariate Wilcoxon rank sum, c 2 , and Fisher exact tests were used to examine individual associations with HPV status. Multivariable logistic regression was used to examine the effects of all other variables of interest on the outcomes of interest (HPV status and stage). Kaplan-Meier plots and log-rank tests were used to compare the survival times of HPV-positive and HPV-negative patients and of African Americans and Caucasians with HPV as compared with those without HPV. Cox regression was used to model the risk of death given age, race, gender, HPV status, stage, smoking status, marital status, treatment, and year of diagnosis. Adjustment for multiple comparisons was done using Hochberg's method (14) . Statistical significance was set at P < 0.05.
Results
Patient cohort characteristics
Of the 121 patients identified, 118 have HPV data, of which 67 are HPV negative and 51 HPV positive (43%). Patient characteristics (study variables) for the 118 OPSCC cohort are described in Table 1 and included 68 Caucasian Americans, 49 African Americans, and 1 unknown race. The median length of follow-up was 46.8 months (range 0.1 to 194 months).
HPV prevalence and associated outcomes
In univariate tests (Table 1) , being HPV positive was associated with Caucasian race (P ¼ 0.024), not smoking (P ¼ 0.059), and being married (P ¼ 0.004). In multiple logistic regression modeling of 88 OPSCC with complete data (Table 2) , Caucasian Americans are more likely to be HPV positive (OR ¼ 3.28; P ¼ 0.035), as are younger age (age < 50 OR ¼ 7.14; P ¼ 0.023 compared with age > 65) or being married (OR ¼ 3.44; P ¼ 0.016). In a model using stage (early or late) as the outcome (Supplementary  Table S1 ) and controlling for age, race, gender, smoking status, and year of diagnosis, late stage (stage III & IV) was associated with HPV--positive status [OR ¼ 3.10; 95% confidence interval (CI) 1.01-9.45; P ¼ 0.047] and as was being unmarried (OR ¼ 3.23, 95% CI 1.06-9.78; P ¼ 0.038).
HPV status and survival outcomes
Of the 121 patients with survival data available, 56 lived and 65 died. Patients who are HPV positive have significantly higher survival probability than patients who are HPV negative (univariate log-rank P ¼ 0.003, Fig. 1 ). The median survival time for HPV-negative patients was 2.2 years (95% CI 1.3-5.2), but for HPV-positive patients median survival was over 13 years.
Cox regression given age, race, gender, HPV status, stage, treatment, smoking status, marital status, and year of diagnosis indicated that HPV-negative patients had 2.7 times the risk of death compared with HPV-positive patients (95% CI 1.37-5.31; P ¼ 0.004; 
Translational Relevance
In African Americans with oropharyngeal squamous cell cancer (OPSCC), survival disparities are attributed to racial differences in the prevalence of human papilloma virus (HPV)-positive tumors. A major limitation of these studies is the lack of adequate representation of HPVpositive African American patients. This study examined survival outcomes for HPV-positive and HPV-negative African Americans in a study cohort of 121 patients with primary OPSCC (42% African Americans), drawn from a large, clinically well-characterized multiethnic primary care patient population in the Detroit area.
A unique contribution of this study is the observation that among African American patients with OPSCC, HPV-positive patients had better survival than HPV negative. HPV-negative African Americans also did worse than both HPV-positive Caucasian Americans and HPV-negative Caucasian Americans. This study adds to the mounting evidence of HPV as a racially linked sexual behavior life style risk factor impacting survival outcomes for both African American and Caucasian American patients with OPSCC.
never-smokers (95% CI 1.13-10.38; P ¼ 0.030). Race as African American was not independently associated with worse outcome in the entire cohort in multivariate analysis. No interactions were significant. Survival of the HPV and race groups (combined to form 4 groups), differed significantly overall (log-rank P < 0.001, Fig. 2 , Table 4 ). HPV-negative African Americans had worse overall survival than HPV-positive African Americans (HR ¼ 3.44, raw P ¼ < 0.001, Hochberg adjusted P ¼ 0.0012), worse survival than HPV-positive Caucasian Americans (HR ¼ 3.11; raw P ¼ 0.012; adjusted P ¼ 0.0496), and worse survival than HPV-negative Caucasian Americans (HR ¼ 2.21; raw P ¼ 0.02; adjusted P ¼ 0.0496). HPVpositive African American patients had no differences in survival from that of HPV-positive and HPV-negative Caucasian Americans (P ¼ 0.84 and P ¼ 0.66, respectively). Also, HPV-positive Caucasian Americans and HPV-negative Caucasian Americans with OPSCC showed no differences in survival outcomes (P ¼ 0.84).
Discussion
HPV is now regarded, in addition to tobacco and alcohol (15) , as a causative agent for OPSCC (16) and an independent risk factor for OPSCC (17, 18) . The association between HPV and HNSCC (for both incidence and prognosis) is strongest for OPSCC. HPV-positive OPSCC has been noted as a distinct variant of HNSCC characterized by Overall HPV prevalence in this cohort was 43%, with diagnosis years ranging from 1990 through 2004 and younger patients < 50 years of age were significantly more likely to be HPV positive. Chatutved and colleagues (18) reported a higher HPV prevalence in OPSCC of approximately 70% during 2000 to 2004. They found that HPV-positive patients diagnosed from 1984 to 2004 were significantly younger and more likely to be white. The study attributed increases in the population-level incidence and survival of OPSCC in the United States since 1984 to HPV infection, with an estimation that, by 2020, HPV will cause more oropharyngeal cancers than cervical cancers in the United States (18) .
In this study, with 42% African Americans, prevalence of HPV was lower in African American than Caucasian American patients with OPSCC. Caucasian Americans patients were significantly more likely to be HPV positive than African American patients supporting HPV tumor status as a disparate determinant in African American patients with OPSCC (9, 10, 20, 21) . There is conclusive evidence that HPV has a strong association between sexual behavior and OPSCC, which has been linked to an increase in the number of oral sex partners (22) (23) (24) (25) . Studies of racial differences in sexual behaviors (26, 27) suggest that a higher proportion of whites engage in oral sex. These sexual behavior differences are thought to be one piece of the puzzle (28) for the reported racial disparity of HPV prevalence in OPSCC and might explain the higher rate of HPV-positive oropharyngeal cancers in whites (vs. blacks; refs. 9, 10, 20, 21) .
In this study, married patients were more likely to be HPV positive than unmarried OPSCC. The latter is the opposite of what was found in a report that never-married status may be a surrogate for sexual practices associated with HPV transmission based on the dramatically elevated and reciprocal risk of second primary anogenital and oral cavity/ pharyngeal cancers risk among never-married men compared with ever-married men (29) . Significant changes in marriages and living together dynamics have occurred over the years, resulting in changes in sexual behavior and cohabitation choices emphasizing the need for larger studies that address sexual practices to further define the interaction between marital status and HPV infection in OPSCC.
Our study supports improved survival for HPV positive as compared with HPV-negative OPSCC. Tumor HPV status has been shown to be the single strongest predictor, followed by measures of tobacco exposure and tumor stage (30) . Overall, in multivariate associations, HPV16-negative patients had a significantly poorer survival probability than HPV positive, a finding that concurs with several reported studies (HR ¼ 2.9; P ¼ 0.003). Also, late-stage patients had better survival than early-stage OPSCC (OR ¼ 2.21; P ¼ 0.034) and support studies of late stage as an important predictor of poor survival with patients dying of uncontrolled loco-regional disease (31) .
Current smokers were nearly 4 times more likely to die than never smokers (OR ¼ 3.8; P ¼ 0.019); no difference in survival for past smokers was noted. Tobacco exposure has been associated with clinical trial outcome (32) and nicotine has been reported to reduce the cytotoxic effects of cisplatin and radiation of HNSCC cell lines (33) . A recent finding of an increase of risk of OPSCC progression and death as a direct function of tobacco exposure at diagnosis and during therapy, independent of tumor p16 status and treatment (34) concurs with tumor HPV status as a strong and independent prognostic factor for survival in OPSCC (17) . Thus, the most important risk factors for development of head and neck cancer, HPV and smoking, have utility as predictors of response to therapy and patient survival and likely determine the molecular profile of this disease.
Late-stage OPSCC were more likely to be HPV-positive status (OR ¼ 3.10; P ¼ 0.47) and unmarried (OR ¼ 3.23; P ¼ 0.038) as compared with early-stage patients. HPV-positive HNSCC are more likely to be detected as late-stage cancers, which traditionally indicate poor prognosis (24, 35, 36) . Despite this, survival has been shown to be better for patients with HPV-positive when compared with HPV-negative HNSCC (37) , underscoring HPV as a reliable biomarker that can be used to not only help diagnose HNSCC, but to also risk stratify patients and help direct treatment plans based on disease behavior and prognosis (37, 38) . A unique contribution of this study is the observation that among African Americans, those that were HPV positive did better than those that were HPV negative (HR ¼ 3.44; raw P ¼ < 0.001; Hochberg adjusted P ¼ 0.0012), a finding not previously reported presumably due to a paucity of multiethnic cohorts and limited number of African American patients with OPSCC. This is illustrated in the frequency distribution of HPV by race in TAX 324 by Settle and colleagues (9) , which had only 1 African American HPV-positive OPSCC (of 28 African Americans). Chernock and colleagues (10) had 3 HPV-positive cases (of 26 African Americans), and Weinberger and colleagues (21) had zero HPV-positive African American with OPSCC (of 16 African Americans with HPV data). For HPV and race groups, HPVnegative African Americans had worse overall survival than both HPV-positive and HPV-negative Caucasian Americans (P ¼ < 0.0001 raw; P ¼ 0.0005 adjusted and P ¼ 0.01 raw; P ¼ 0.05 adjusted, respectively). HPV-negative African American patients were more likely to be current smokers (79%) than HPV-positive African Americans (31%), HPVnegative Caucasian Americans (43%), or HPV-positive Caucasian Americans (34%; P ¼ 0.005). However, even if the comparisons among the 4 race/HPV groups are made in a multivariable model adjusted for smoking and other factors, the HPV-negative African American patients still do worse than the other groups. A larger sample size and assessment of genetic heterogeneity using ancestry informative marker analysis may be needed to further explain this.
The primary health care environment of the Henry Ford Health System, which has a high proportions of insured patients (39) , may partially explain the lack of survival differences between African Americans and Caucasian Americans in this OPSCC cohort. Our study, highlighting survival differences based only on HPV-race groups, indicates that HPV has a substantial impact on overall survival in African Americans with OPSCC. HPV-negative African Americans not only had worse survival than HPV-positive African Americans, but also did worse than both, HPVpositive Caucasian Americans and HPV-negative Caucasian Americans. Whether these findings reflect cultural differences in sexual lifestyle preferences evident from a significantly lower prevalence for HPV in the African American OPSCC group is not estimable from this study. Drawn from a multiethnic access to care population, this study adds to the mounting evidence of HPV as a likely racially linked sexual behavior life style risk factor impacting survival outcomes for both African American and Caucasian American patients with OPSCC.
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